Introduction Chronic neck pain is a challenging condition to treat in clinical practice and has a considerable impact on quality of life and disability. According to the theory of traditional Chinese medicine, acupoints and tender points may become sensitised when the body is in a diseased state. Stimulation of such sensitive points may lead to disease improvement and improved clinical efficacy. This study aims to evaluate the efficacy and safety of needling at sensitive acupoints in providing pain relief, improvement of cervical vertebral function and quality of life in patients with chronic neck pain. Methods and analysis This multicentre, randomised controlled, explanatory and parallel clinical trial will include 716 patients with chronic neck pain. Study participants will be randomly assigned in a 1:1:1:1 ratio to four treatment groups: the highly sensitive acupoints group, low/non-sensitive acupoints group, sham acupuncture group and waiting-list control group. The primary outcome will be the change in the visual analogue scale score for neck pain from baseline to 4 weeks. Secondary outcomes will be the Northwick Park Neck Pain Questionnaire and McGill pain questionnaire, 12-item Short-Form health survey, Neck Disability Index, changes in the pressure pain threshold, range of cervical motion, Self-Rating Anxiety Scale, Self-Rating Depression Scale and adverse events before treatment, post-treatment, and at 4, 8, 12, 16 and 20 weeks post-treatment. The intention-to-treat approach will be used in the statistical analysis. Group comparisons will be undertaken using χ 2 tests for categorical characteristics, and analysis of variance for continuous variables to analyse whether acupuncture in the highly sensitive acupoints group achieves better treatment outcomes than in each of the other three groups. Ethics and dissemination Ethical approval of this study has been granted by the local Institutional Review Board (ID: 2017 KL-038). The outcomes of the trial will be disseminated through peer-reviewed publications. trial registration number ChiCTR1800016371; Preresults.
IntroduCtIon
Chronic neck pain can be caused by dysfunction of various structures in the neck, and it can manifest as episodic pain and/or stiffness. 1 2 The prevalence of neck pain in the adult general population reportedly varies from 30% to 50% worldwide. 3 Furthermore, neck pain-related diseases, such as cervical spondylosis, occur in 65% of subjects working in certain occupations in China. 4 Neck pain is the third most common chronic condition causing persistent pain in the USA and the fourth leading cause of disability worldwide. 5 6 Chronic neck pain can lead to work absenteeism or a heavy medical burden. 7 The mean annual total costs accrued by patients with neck pain in the USA are US$8512, which is 182% higher than the costs of the general population. 8 Several risk factors predispose to the development of chronic neck pain, including obesity, a sedentary lifestyle, previous neck pain, cervical disc degeneration and poor general health. The current mainstay of treatment for chronic neck pain is non-steroidal anti-inflammatory drugs, but they are associated with many adverse reactions, such as gastrointestinal, cardiac and renal toxicity. 9 Although clinical trials have suggested that acupuncture can effectively relieve chronic neck pain, 10 the effect of acupuncture strengths and limitations of this study ► This study will be the first randomised controlled trial to evaluate the efficacy and safety of acupuncture at sensitive points in patients with chronic neck pain. ► To test the efficacy of acupuncture at sensitive acupoints, the trial will include four groups (highly sensitive acupoints group, low/non-sensitive acupoints acupuncture group, sham acupuncture group and waiting-list control group), and strict quality control will be conducted, including adequate concealment of randomised group allocations. ► A sham acupuncture group will be used to investigate the placebo effect of acupuncture. ► A limitation of this trial is that although there are several types of point sensitisation, such as pain and heat, we will only be quantifying pain as an indicator of sensitisation.
Open access treatment is closely related to the selection of acupoints.
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One study evaluating the effects of acupuncture on chronic neck pain showed that acupuncture at common distant acupoints is more effective than that at myofascial trigger points, 12 while another study found that acupuncture at local myofascial trigger points also has a good analgesic effect. 13 However, some studies have also reported that acupuncture does not relieve pain. [14] [15] [16] Despite the increasing amount of randomised clinical trials (RCTs) investigating the effect of acupuncture, the quality of these RCTs needs to be improved, as many include inadequate sample sizes, 17 short follow-up, 18 an absence of sham acupuncture and non-treatment as control treatments, 19 no objective assessment method 20 or a lack of individualised treatment based on each patient's condition. 21 Consequently, the efficacy of acupuncture for chronic neck pain needs further evaluation due to the lack of objective clinical evidence.
The pressure pain threshold (PPT) is a semiobjective method used to quantify localised pain. 22 23 Clinical studies have confirmed that the sensitivity (PPT) at acupoints changes when patients are in a diseased state, such as shoulder pain, 24 knee osteoarthritis, 25 primary dysmenorrhea 26 and premenstrual syndrome. 27 The degree of change in the PPT may objectively reflect the intensity of acupoint sensitisation and it may be related to the disease status. 28 Clinical studies have found that performing acupuncture at sensitive points achieves a superior effect. 29 30 However, these studies did not quantify the sensitivity of the points, which undermines the validity of the results. Consequently, the improvement in clinical efficacy may not have been optimised. Clinical trials have recently investigated the efficacy of acupuncture at objectively evaluated sensitive points. 31 This will further reveal the relationship between objectively evaluated sensitive points and improved clinical efficacy. However, no study has yet focused on the efficacy of acupuncture at quantified sensitive points for the treatment of chronic neck pain. Therefore, we herein describe the protocol for an RCT that aims to evaluate the efficacy of acupuncture at sensitive points (acupoints or tender points) in relieving neck pain and improving cervical vertebral function and quality of life.
MEthods And AnAlysIs objective
To assess the efficacy and safety of acupuncture at highly sensitive acupoints in relieving pain and improving the cervical vertebral function and quality of life in patients with chronic neck pain.
trial design This is a prospective, multicentre RCT in which patients will be allocated to four parallel treatment groups using a 1:1:1:1 allocation ratio. The protocol was developed in accordance with the Consolidated Standards of Reporting Trials guidelines 32 and the Standards for
Reporting Interventions in Clinical Trials of Acupuncture guidelines. 33 The trial has been registered with ChiCTR at Current Controlled Trials . A flowchart of the trial design is shown in figure 1 .
Inclusion criteria
The inclusion criteria will be: (1) men or women aged 18-75 years; (2) neck pain or limited cervical activity as the main complaint; (3) neck pain or discomfort visual analogue scale (VAS) score of ≥30 for at least 5 days within 1 week; (4) chronic neck pain for the last 3 months and (5) provision of written informed consent for all procedures in this trial.
Exclusion criteria
Patients with any one of the following criteria will be excluded: (1) history of neck fracture or surgery, or cervical congenital abnormality; (2) serious disease related to the heart, liver, kidney or haematopoietic system; (3) difficulty in answering the questionnaires because of cognitive impairment; (4) dermatopathy and haemorrhagic diseases; (5) those who are pregnant, breastfeeding or planning a pregnancy during the study period and (6) participation in other trials.
recruitment strategies and randomisation
We will enrol patients from the outpatient departments of Acupuncture and Moxibustion, and Orthopaedics in four clinical centres in China: Chengdu University of Traditional Chinese Medicine, Shaanxi University of Traditional Chinese Medicine, Shanxi University of Traditional Chinese Medicine and Guiyang College of Traditional Chinese Medicine. Recruitment strategies will include posting recruitment advertisements on social media (such as WeChat, which is similar to Facebook) and at community centres. Patients who consent to study participation will be examined by orthopaedists who will make a diagnosis; a research assistant (RA) will then perform a baseline evaluation. The RA will apply for the grouping randomisation after completing the PPT measurement.
Central randomisation will be performed using stratified and permuted blocks. The RAs will be registered in the randomisation centre (located in Brightech-Magnsoft Data Services Company) and will be trained to apply for randomisation through the online website. This guarantees that randomisation concealment is adequate. Patients will be randomised in blocks of varying size within each site, stratified by sex and course of disease.
blinding The RA will be responsible for baseline evaluation, PPT measurement and randomisation. The acupuncture treatments will be performed by acupuncturists, each held a practitioners license for more than 5 years. The efficacy of acupuncture will be evaluated by an assessor. Patients who receive acupuncture treatment will not be aware of their group assignment; however, the waiting-list control group cannot be blinded. The patients receiving acupuncture treatment during the trial period, RA who Open access performs the baseline assessment, acupuncturists, assessors and statisticians will all be blinded.
PPt measurement
The PPT is widely used in clinical practice as a semiobjective method to quantify localised pain. 22 23 Individuals with chronic neck pain have altered pain sensitivity, [34] [35] [36] and so the PPT can be used to distinguish between patients with neck pain and healthy subjects. 37 In accordance with the results of literature data-mining and expert consensus on the treatment of chronic neck pain, we identified 15 most frequently used acupoints (table 1) and the five regions of the body with the most frequent occurrence of pain and the greatest degree of acupoint sensitisation (figure 2). The body was divided into five regions to standardise the treatment procedures and detection areas.
RAs will mark the 15 acupoints on each patient. The RA will then palpate the detection area associated with each acupoint using the appropriate force (<2000 gf) and will identify the sensitive points that have pain/sourness/ heaviness/fullness or nodules. RAs will use the FDIX Force Gauge (Force One FDIX, Wagner Instruments,Greenwich, CT, USA) to make 2 measurements of the PPT at each of the 15 acupoints in the 5 regions. If there is a difference between the two PPT measurements of more than 500 gf at one acupoint, the acupoint will be measured for the third time. Progressive pressure will be applied at a rate of 100 gf/s at each acupoint. The PPTs will be summed to calculate the average. The absolute value of the change in the PPT in the included patients will then be calculated, and this will be compared with that of healthy subjects collected in the early stage (online appendix table).
IntErvEntIons highlysensitive acupoints group
The acupuncturist will identify the five sensitive points/ acupoints at which the absolute value of change in the PPT is the largest. Acupuncture will be performed at these five acupoints three times weekly for the first 2 weeks, and then two times weekly for the subsequent 2 weeks, giving a total of 10 sessions. Each of the five selected acupoints will be punctured using a stainless steel needle Open access (0.25×40 mm), and the Deqi sensation (a sensation of distension or numbness, or a twitch response) will be achieved. Needle retention time will be 30 min. The PPT of the sensitive acupoints will be evaluated every 2 weeks, and the selection of acupuncture points will be adjusted as each patient's condition changes; this will ensure the implementation of individualised treatment.
low/non-sensitive acupoints group The acupuncturist will identify the five sensitive acupoints with the least change in the absolute value of the PPT, and acupuncture will be performed at these five acupoints. The puncture method and needles will be the same as for the highly sensitive acupoints group.
sham acupuncture group Acupuncture will be performed at five non-acupoints. The protocol for choosing the non-acupoints was developed in our previous clinical trial 38 and another study 39 (table 2  and figure 3) . Shallow acupuncture will be applied at the five non-acupoints, without attempting to yield the Deqi sensation.
Waiting-list control group
No intervention will be performed in the waiting-list control group in the initial 24 weeks after randomisation.
The participants will be informed that they are scheduled to receive 10 free acupuncture treatments at the end of the 24-week follow-up period.
If any participants experience severe neck pain during the initial 24 weeks, they will be permitted to take prescribed analgesic medications (such as non-steroidal anti-inflammatory drugs) or effective analgesic medications that they are accustomed to taking, and the details will be recorded on the Case Report Form. Sustained-release or prophylactic analgesics are not allowed.
outcome measurements Follow-up examinations will be performed at 0, 4, 8, 12, 16, 20 and 24 weeks after randomisation in all four groups (table 3) .
Primary outcome
The primary outcome will be the change in the VAS score for neck pain from baseline to 4 weeks. The VAS score ranges from 0 to 100, with higher scores indicating a greater degree of pain. The VAS is considered a valid method to assess pain intensity in clinical trials. 40 The strengths of the VAS are its ease of use, good reliability and validity and metric measure that enables parametric testing. However, its limitation is that it is difficult for some On the ulna side of the palm, proximate to the fifth metacarpophalangeal joint, at the end of transverse crease of metacarpophalangeal joint, at the dorsoventral boundary
Open access subjects to mentally transform a subjective sensation into a mark on a straight line. Furthermore, previous research has suggested that the validity of VAS estimates performed by patients with chronic pain may be unsatisfactory. 41 secondary outcomes Pain We will also use the following indicators to comprehensively evaluate pain. The intensity of neck pain will be measured using the Northwick Park Neck Pain Questionnaire and the McGill Pain Questionnaire. The changes in the PPT during the treatment phase will be evaluated. The times and doses of analgesic drugs taken during the study period and the disease-related treatment performed during the follow-up period will also be recorded.
Quality of life
Quality of life will be assessed using the Chinese version of the Medical Outcome Study Short-Form 12-Item Health Survey.
Neck function
The change in neck function will be evaluated using the Neck Disability Index and the cervical range of motion. Recent research has shown that the Neck Disability Index has an excellent ability to distinguish between patients with different levels of perceived dysfunction. 42 
Emotional disorders
Chronic pain is often accompanied by emotional disorders. 43 44 Changes in mood will be assessed using the SelfRating Anxiety Scale and the Self-Rating Depression Scale.
data and safety Monitoring board
To ensure the integrity of the RCT and protect the rights and health of the participants, we will set up a Data and Safety Monitoring Board. The Data and Safety Monitoring Board is an independent advisory group that will maintain the scientific and ethical standards of the RCT and will be responsible for data evaluation during the study period. The Data and Safety Monitoring Board will be developed in accordance with the Operational Guidelines for the Figure 2 The test regions that will be used in the study. Regions 1 and 2 are each bordered by the respective ipsilateral mastoid, sternal end of the clavicle, anterior axillary line, acromion and C7 spinous process. Region 3 is the triangular region bordered by both sides of the mastoid and the C7 spinous process. Regions 4 and 5 are each bordered by the respective ipsilateral C7 spinous process, acromion and axillary line; the two regions are divided by the posterior midline. safety and acupuncture-related adverse events Acupuncture may cause several adverse events, including bleeding, haematoma, fainting, serious pain and local infection. 45 Hence, we will record any acupuncture-related adverse events that occur during the treatment and follow-up phases and will also record the potential reasons for these adverse events. The number and type of adverse events in each group will be calculated. Patients will receive appropriate intervention for any adverse events that occur. Serious adverse events will be immediately reported to the primary investigator, and the affected participants will be withdrawn from the study.
Patients and public involvement
Patients and the public are not involved in the design or conduct of the study or the outcome measures, and no attempt will be made to assess the burden of the intervention on the patients themselves.
sample size calculation The sample size calculation was based on the superiority test. The primary outcome is the change in the VAS score from baseline to week 4. The clinical difference in the VAS score after acupuncture treatment is reported as 6. 3 17 ; therefore, we conservatively estimated that there would be a VAS score change of 5 between the highly sensitive acupoints group and the low/non-sensitive acupoints group, 10 between the highly sensitive acupoints group and the sham acupuncture group and 20 between the highly sensitive acupoints group and the waiting-list control group. Considering a two-sided significance level of 5% and power of 95%, 621 participants are required with a 1:1:1:1 group allocation rate, as calculated by Fisher's exact test in G*Power V.3.1.5. To minimise attrition bias, we assumed a dropout rate of 15%, making it necessary to include at least 716 participants in total.
statistical analysis
The included patients will be divided into the full analysis set (FAS), per protocol set (PPS) and safety set (SS). The FAS population will consist of all participants for whom the primary outcome is evaluable. The FAS population will be used as the primary population for all efficacy analyses. The PPS population will consist of all participants who undergo the planned interventions. The SS will consist of all randomised participants who received at least one acupuncture treatment during the study period. All data will be managed by the data coordinating centre through a third party (the Brightech-Magnsoft Data Services Company).
A statistician blinded to the group allocations will conduct all analyses using the SAS V.9.4 software package (SAS Institute). First, the basic information of the four groups will be described, including patient characteristics, medical characteristics, outcome variables and adverse events. If an adjustment is needed for a baseline value that differs between groups, covariance analysis will be performed. Data will be presented as mean (SD) for continuous variables and as frequency (percentage) for categorical variables. Group comparisons will then be undertaken using χ 2 tests for categorical characteristics and analysis of variance for continuous variables. The primary analyses will examine whether acupuncture performed in the highly sensitive acupoints group will achieve statistically better treatment outcomes (pain, quality of life, neck function and emotional disorders) than acupuncture in the low/non-sensitive acupoints group, sham acupuncture groupand waiting-list control group. To accommodate the correlation between repeated measures from the same participant, generalised linear models with random effects will be fitted to assess the effect of intervention on outcome variables over time, while accounting for the effects of potential confounders (eg, age, sex, analgesic medications and other treatments). We will use the last value carried forward method to impute missing data for 
Open access the primary and secondary outcomes. All analyses will use two-sided tests, and a p value of <0.05 will be considered statistically significant.
EthICs And dIssEMInAtIon
This RCT was designed in accordance with the principles of the Declaration of Helsinki. The trial protocol is registered on the primary registry in the WHO registry network (Chinese Clinical Trial Registry). Signed consent will be obtained from each patient after they have been informed of the study procedures, possible risks and their right to withdraw from the trial. This study will be the first multicentre RCT to evaluate the safety and effectiveness of acupuncture at sensitive points for chronic neck pain. The concept of sensitive points comes from the theory of traditional Chinese medicine, which purports a link between disease status and the condition of acupuncture points; when the body is affected by diseases, particular points become sensitive. 25 The results of this study may provide further evidence for the effectiveness of acupuncture in relieving chronic neck pain.
This study has some strengths that warrant mention. In contrast with previous studies, 31 this trial established a sham group to investigate the placebo effect of acupuncture. The creation of a waiting-list control group will rule out self-healing of the disease, and control for the Hawthorne effect. The waiting-list control group will receive the same acupuncture intervention after the 24-week follow-up period. This design provides participants with a guarantee that they are going to receive acupuncture treatment, overcoming the potential problem of control participants being disappointed. 46 In addition, the blinding of the patients, operators, acupuncturists, assessors and statisticians will decrease potential bias.
As this will be the first study to investigate the effectiveness of acupuncture at sensitive acupoints for chronic neck pain, this RCT may have some limitations. There are several types of point sensitisation, such as pain and heat. 47 48 However, in this trial, we quantified only the pain as the indicator of sensitisation, which might overlook the other forms of acupoint sensitisation. Further study is needed to confirm the improvement in clinical efficacy of acupuncture at different kinds of sensitive acupoints. If the results show that acupuncture therapy at sensitive acupoints is safe and effective in reducing chronic neck pain, this study will provide evidence to support the superior clinical efficacy of performing acupuncture at sensitive acupoints compared with low/non-sensitive acupoints.
ConClusIon
This article describes the design and protocol of a study that aims to evaluate the effectiveness and safety of acupuncture for chronic neck pain. The results will reveal whether sensitive acupoints have specificity and whether acupuncture at highly sensitive acupoints is superior to acupuncture at low/non-sensitive points or sham acupuncture at non-acupoints.
trial status
This study is currently in the recruitment phase. The first patient was enrolled in June 2018, and the study is expected to end in December 2019.
